INTRODUCTION

B
lacks in the United States experience among the highest reported rate of hypertension (44%) worldwide [1] . In comparison, Nigeria has an age-adjusted hypertension prevalence of 13.5% and Jamaica of 28.6% [2] . Compared with their white counterparts, Blacks in the United States are 40% more likely to be diagnosed with hypertension and 30% more likely to die from heart disease [1] . A major limitation of this evidence is the lack of consideration of the heterogeneity within the United States Black population, for example, based on immigration trends over the past 50 years. Although some Blacks have been in the United States for many generations, others are long-standing or recent immigrants of African descent from places such as Africa and the Caribbean. Indeed, the population of immigrant groups has markedly increased since the passage of the Immigration and Nationality Act of 1965, which lifted the quotas based on country of origin and replaced them with an immigration system based on family reunification and employment [3] . Combined, Caribbean-born, and African-born self-identified Black immigrants make up an estimated 8.7% of the United States Black population, and the Census Bureau projects that by 2060, 16 .5% of US Blacks will be foreign born [3, 4] . Moreover, immigration statistics suggest that the influx of Black immigrants represent a diverse array of countries of origin (i.e. Nigeria, Ethiopia, Ghana, Jamaica, Trinidad, and Tobago), which would deepen the heterogeneity of cultures, social realities, and lifestyle patterns, particularly, food preferences and physical activity habits, which are important modifiable risk factors for hypertension and related disease outcomes [5] .
The healthy immigrant hypothesis posits that immigrant groups have favorable health behaviors, risk factors, and family support that reduce risk for a variety of diseases and poor health outcomes [6, 7] . There is also evidence that recent immigrant groups are healthier than those residing in the United States for longer periods, possibly due to adopting unhealthy eating and lifestyle habits through the acculturation process [8] [9] [10] . Most of this research, however, has been conducted among Mexican-Americans and Asian immigrants [11, 12] , and few large studies have examined the association between nativity, length of residency, and hypertension among non-Hispanic Blacks. Although some previous research suggests that foreign-born Blacks from Africa and the Caribbean have more favorable health outcomes (i.e., overall mortality, perinatal health, cancer, obesity, cardiovascular disease (CVD), allostatic load) than their US-born counterparts, these studies have been small and limited to specific sites, and recent national-level data remains understudied [13] [14] [15] [16] . More research is consequently needed to elucidate how these dynamics influence differences identified among foreign-born vs. US-born Blacks. Understanding these potential influences is also timely and relevant given potential for changes in our immigration policies with changing political perspectives.
To address this important gap in knowledge, the current study aimed to assess the association between nativity and odds of hypertension among non-Hispanic Blacks in the United States. Given potential changes in immigration policies in the United States, the research is both timely and relevant. We hypothesized that foreign-born Blacks would be less likely to have hypertension than their USborn counterparts; and that among foreign-born Blacks, longer lengths of residency in the United States would be associated with increased odds of hypertension.
METHODS
Sample description
We used pooled data from the 2003 to 2014 National Health and Nutrition Examination Survey (NHANES), a nationally representative health and nutrition survey of the noninstitutionalized US population [17] . The survey includes demographic, socioeconomic, and health-related and dietrelated questions and is carried out through complex, stratified, multistage probability sampling. The NHANES protocol was approved by the National Center for Health Statistics Research Ethics Review Board, and all participants provided informed consent. Additional details about NHANES are available elsewhere [17] . The primary analysis was restricted to those who self-identified as non-Hispanic Black, were between the ages of 22 and 79, were not pregnant at the time of the examination, and who had data necessary to determine hypertension status (N ¼ 5033).
Measures
The main exposure of interest was place of birth or nativity, represented categorically as US-born vs. foreign-born on the basis of the participants' self-response to the survey question 'In what country were you born?'. Naturalized citizens, permanent residents, undocumented immigrants, international students, and guest workers were included in the foreign-born category, and anyone born in the 50 US states and the District of Columbia were considered USborn. Additional information on place of birth among immigrants was not evaluated in NHANES. We additionally examined the potential association of length of residency among foreign-born Blacks and hypertension. The ninecategory question on length of residency asked by NHANES was recorded into four levels due to sample size constraints, and following other studies on immigration, acculturation, and health [9, 10, [17] [18] [19] [20] .
Participants were asked questions regarding medical diagnoses and current medication use. For the blood pressure (BP) measurements, each participant rested quietly in a seated position for 5 min and once the participant's maximum inflation level was determined, the trained professional obtained three consecutive BP readings by using sphygmomanometry with an appropriately sized arm cuff [21] . If a BP measurement was interrupted or incomplete, a fourth attempt was made [21] . All equipment was regularly subjected to quality control checks and a list of all validated and calibrated equipment used for the BP readings can be found in the NHANES Blood Pressure Procedures Manual [21] .
An average of all available readings of both the SBP and DBP measures was used to best determine usual resting BP. For the main analysis, 3.5% (152 participants) had one reading, 4.2% (181 participants) had two readings, 92.3% (4009 participants) had three readings, and no participants required a fourth reading. To test for robustness, we also ran the analysis excluding the first BP reading, which did not change the results. The primary outcome was prevalence of hypertension, defined as a self-reported physician diagnosis of hypertension and current treatment for hypertension with prescription medication; or having a directly measured mean SBP at least 140 mmHg or mean DBP at least 90 mmHg [22] .
To minimize confounding by other factors, covariates in the analysis included age (years, continuous), sex (male/ female), educational attainment (<high school or general equivalency diploma, associate degree or some college, or !college degree), family income-poverty ratio [income to poverty ratio (IPR), 0-5, continuous], health insurance status (self-reported, yes/no), smoking status (never, former, current), physical activity (self-reported moderate or vigorous levels of recreational/leisure activity for at least 10 min continuously over the past 30 days, yes/no), and BMI (kg/m 2 , continuous).
Statistical analysis
Statistical analysis was conducted by using STATA IC Version 13.0 (StatCorp, College Station, Texas, USA), with use of sampling weights for the complex survey design so that the results were representative of the noninstitutionalized US population [23] . Chi-square analysis and t tests were used to determine statistical significance of any differences in sociodemographic, lifestyle, and hypertension characteristics between US-born and foreign-born Blacks. Multivariable-adjusted logistic regression was used to investigate the association between nativity and hypertension. To assess confounding, we evaluated several logistic regression models. Model 1 included age and sex; given the importance of age for risk of hypertension, multiple evaluations of additional transformations for age were considered, none of which fit the model as best as age (continuous in years). Model 2 further included the socioeconomic risk factors such as education level, IPR, and health insurance status; and Model 3, the behavioral risk factors of smoking status and physical activity. The final model, Model 4, added BMI, and we confirmed in sensitivity analysis that results were not appreciably different adjusting for waist circumference instead (data not shown). We additionally evaluated marital status in a preliminary model, but omitted it for parsimony as it did not appreciably alter the findings. Secondary analysis included multivariable-adjusted regression modeling with mean SBP or DBP measurements as the outcome variable. Additional post-hoc exploratory analysis was conducted to examine potential sex and age differences, in which separate models were performed for each sex and for participants less than 65 years and at least 65 years. We considered a two-tailed P less than 0.05 for statistical significance in all analyses. The same multivariable models were used to examine the association between length of US residency and odds of hypertension among foreign-born Blacks. P for trend across categories of residency was determined by setting the value for each length of category available in NHANES to its midpoint (for the highest open-ended category of '50 years or more', we used 55 years) and evaluating this as a continuous variable in each regression model.
RESULTS
Population characteristics
The study population included 5033 non-Hispanic Blacks, including 4511 US-born and 522 foreign-born (Table 1) . In general, about half were women (54.6%), reported lowincome IPR (49.2%), had obesity (47.7%; and an additional 29.5% being overweight), and engaged in any moderate/ vigorous physical activity over the past 30 days (48.2%). About two in five (41.8%) Black adults had hypertension; of these, the majority (86.5%) used medication. Compared with US-born Blacks, more foreign-born Blacks were men (P ¼ 0.01), had higher levels of educational attainment (P < 0.001), classified as normal and overweight (P < 0.001), reported never being a smoker (P < 0.001), and reported more engagement in physical activity (P < 0.001). In crude (unadjusted) comparisons, hypertension was more prevalent among US-born Blacks than foreign-born Blacks (43.5 vs. 27.8%). A large fraction of US-born Blacks (41.6%) were diagnosed with the condition by a clinician compared with foreign-born Blacks (26.3%) and more US-born presented with either elevated SBP (20.3 vs. 14.4%) or DBP (9.1 vs. 5.6%) readings. There was no Hypertension status is defined as mean SBP at least 140 mmHg or mean DBP at least 90 mmHg (based on mean of all available readings) or (current treatment for hypertension with prescription medication and was told by a doctor or health professional that he/she had hypertension).
c Told by a doctor or health professional that he/she had hypertension. Participant currently taking prescribed medication if he/she was ever told by a doctor or health professional that he/she had hypertension. SE, standard error.
significant difference in the prevalence of having health insurance between the groups (71.1 vs. 75.4%). Table 2 shows age-adjusted sociodemographic and health characteristics of foreign-born Blacks by length of residency category (included for descriptive purposes only). In comparison with those who were in the United States for less than 10 years, a greater percentage of foreign-born Blacks who were in the United States for at least 30 years were categorized as current smokers (14.0 vs. 6.1%, respectively) and had higher income (53.0 vs. 23.2%). Conversely, more participants residing in the United States for less than 10 years compared with those residing in the United States for at least 30 years reported having health insurance (28.2 vs. 16.3%). Even after adjusting for age, hypertension seems to be more prevalent among those living in the United States for at least 30 years (29.8%) than for recent immigrants of age less than 10 years (25.1%). These results, however, may still be confounded by age as hypertension is more likely to present with increasing age.
Nativity/place of birth and hypertension
In all models, foreign-born Blacks had significantly lower odds of hypertension than their US-born counterparts (Fig. 1) . After adjusting for age, sex, income, educational attainment, health insurance status, smoking status, physical activity, and BMI, the strength of the association was attenuated but remained significant, with foreign-born Blacks being 39.0% less likely to have hypertension than their US-born counterparts [OR 0.61 95% confidence interval (CI) 0.49, 0.77]. Foreign-born, non-Hispanics Blacks on average had SBP readings that were significantly lower than US-born Blacks (b À2.3 mmHg, 95% CI À3.8, À0.9). 
Length of US residency and hypertension
Among foreign-born Blacks (N ¼ 510), the central risk estimates suggested potentially higher odds of hypertension with longer length of US residency, but these differences were NS (Table 4) .
DISCUSSION
The primary results support our hypothesis suggesting that foreign-born, non-Hispanic Blacks have significantly lower odds for hypertension than their US-born counterparts, even after adjusting for relevant cofounders such as demographic, socioeconomic, behavioral, and health risk variables. The difference was large; 43.5% of US-born Blacks were hypertensive, compared with 27.8% of the foreign-born Blacks, with a multivariable-adjusted risk of 0.61 among foreign-born Blacks. The high prevalence of hypertension among US-born Blacks persists despite similar rates of reported medical insurance coverage of US-born (76.2%) compared with foreign-born Blacks (70.4%). Existing research in the southeast region of US (where US-born Blacks predominate) also demonstrates that Blacks are more likely to have uncontrolled hypertension despite having a high likelihood of hypertension diagnosis and are more likely to have it treated more intensively [24] . Overall, these results suggest that future research studies and public health programs should consider place of birth when evaluating the health of US Blacks to better characterize their risk of hypertension.
Our study results are similar to those observed with some Hispanic groups, particularly older people of Mexican origin, in which foreign-born groups tend to present with better CVD-related health outcomes and lower rates of allcause mortality [25] ; outcomes that persist despite greater levels of poverty, lower educational attainment, and less likelihood of having health insurance [26] [27] [28] [29] . However, unlike Hispanic immigrant groups, foreign-born Blacks tend to be of higher socioeconomic status and have higher educational attainment than their US-born counterparts [30] . In our study, 16.5% of US-born Blacks reported having 
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CI, confidence interval. Bold indicates statistical significance: SBP models: model 1, P < 0.001; model 2, P < 0.001; model 3, P < 0.001; model 4, P < 0.001; DBP models: model 1, P ¼ 0.08; model 2, P ¼ 0.08; model 3, P ¼ 0.06; model 4, P ¼ 0.32.
a college degree or higher in comparison with 30.2% of foreign-born Blacks. Foreign-born Blacks also had lower percentages of smoking (P < 0.001), were more likely to be physically active (P < 0.001), and had lower BMIs (P < 0.001), supporting the hypothesis that immigrants tend to follow healthy behaviors. However, whereas differences in odds of hypertension between foreign-born Blacks and US-born Blacks were partly attenuated, they remained after adjusting for these factors, suggesting additional underlying contributors. These potential mediators are not measured consistently or at all in NHANES, causing residual confounding. One possible explanation for the observed differences between US-born and foreign-born Blacks may be exposure and impact of chronic stress, racial discrimination, and mental health distress. Racism, in its multiple forms (personally mediated, internalized, and institutionalized) [31] , is often perceived among many Blacks and other racial minorities [32] . In an early review examining the psychosocial factors contributing to hypertension among Blacks, the authors discussed suppressed hostility and an active stress coping style (coined 'John Henryism' [33] ) in response to environmental stressors as associated factors in the development of high BP [34] . Recent literature also suggests an association between perceived discrimination and hypertension and other markers of CVD risk [35] [36] [37] . Some evidence suggests that US-born Blacks report greater perceived racism than their foreign-born counterparts [25, 26] . Foreign-born Blacks who migrated to the United States at an earlier age, however, had similar perceptions of racism [38, 39] . A growing body of research also supports the role of persistent chronic stress and the development of chronic diseases such as CVD, low-birth weight, and other poor health outcomes among Blacks [29] . Results are inconsistent, however, warranting future studies exploring perception of racism and stress among the diverse Black population and health outcomes such as hypertension. Specifically, US-born Blacks with historical roots in the sociopolitical system of slavery and Jim Crow (laws enforcing racial segregation from 1865 to mid-1960s) in the United States may have different social experiences and perceptions of these experiences in comparison with foreign-born Black immigrant groups that contribute to the observed differences in this study.
Physiological and genetic differences are also potential contributors to these findings. Although controversial, there have been several historically based hypotheses aiming to explain the genetic causes of the higher prevalence of hypertension among US Blacks [40] . One predominant hypothesis is based on the effect of the transatlantic slave trade and slavery in the Americas from the 16th to the nineteenth century. According to the hypothesis, the conditions of slaves during the middle passage and within the plantation systems created an environment for 'natural selection', in which those genetically predisposed to conserve and retain salt had a selective advantage for survival [41, 42] . Specifically, the major causes of death during this time were thought to be salt-depletive diseases such as dehydration, diarrhea, fevers, and vomiting. Applying Darwin's theory, the slaves who were genetically fit for survival were also likely to carry on their genotype to subsequent generations of western hemisphere Blacks. Although controversial and speculative, this hypothesis may explain the higher incidence of hypertension and stroke today among Blacks in the United States compared with those from Africa, and to a lesser extent those from the Caribbean/ Latin America. Particularly, Blacks have been shown to have twice the likelihood of stroke, and those diagnosed with hypertension are more likely to exhibit salt sensitivity compared with their hypertensive counterparts of other races/ethnicities [1, 43] . Other research points to a host of biological factors including: endothelium dysfunction caused by lowered bioavailability of the potent vasodilator, nitric oxide, lower plasma renin activity, and lower RAS activity overall, mutations in the epithelial sodium channel and thus reduced sodium excretion, and increased activity of the Na-Cl cotransporter responsible for water retention [43] [44] [45] [46] [47] .
Although previous studies among other racial/ethnic groups suggest an increased risk in health outcomes with length of US residency [9, 10, [48] [49] [50] , this study and other research among Blacks do not provide evidence for this association. Similarly, a 2004 study utilizing National Health Interview Survey data did not find a significant association between years of residency and BMI for foreign-born Blacks, but did find an association for all other racial/ethnic groups [10] . On the other hand, the observed risk estimates in our investigation were suggestive of a potential increased likelihood with longer length of residency, that could not be confirmed perhaps due to lack of statistical power in this relatively small subgroup (N ¼ 510). These findings suggest a need for additional investigation of this important question including the potential role of the acculturation process, which may differ across ethnic immigrant groups.
The current study offers an examination of the differences in hypertension among US-born and foreign-born, non-Hispanic Blacks by using a large US national dataset at a time when the foreign-born Black population is increasing. However, there are some limitations. First, the study is observational and cannot confirm cause and effect, yet our findings can be considered descriptive in clearly confirming a relevant association between place of birth and hypertension. Although we pooled multiple waves of NHANES datasets to obtain a higher sample of foreign-born Blacks, the sample size for foreign-born Blacks was small, particularly after stratifying by length of residency category, which may have masked the ability to confirm true associations. It is possible that participation in NHANES was differential by both nativity and risk of hypertension; however, foreignborn, non-Hispanic Blacks represented 10.2% of the Black population in our study, a figure similar to the 8.7% estimate of the foreign-born Black population based on 2013 American Community Survey data [4] . Misclassification when categorizing covariates also cannot be ruled out and better assessments of certain covariates (including education, income, and lifestyle) might have shown these to explain a greater proportion of the observed difference in odds of hypertension. NHANES does not make place of birth or ethnicity data among foreign-born Blacks publicly available, so we were unable to evaluate nativity by country of origin or region (i.e. Caribbean-born Blacks, African-born Blacks). Finally, length of residency was used as a proxy for acculturation due to limitations of the dataset. Similarly, we were unable to consider age of migration, which would impact the process of acculturation and health behaviors during formative years, nor reasons for migration or migration patterns that may include extended periods of stay in one's home country. Based on recent evidence, there is percipience that these factors may have implications for BP and other health outcomes. For example, a recent study among African immigrants found younger age of migration and family reunification to be linked with decreased allostatic load [51] .
Overall, this study validates the need for future studies to consider nativity and place of birth when evaluating the health of the United States Black population, as well as research to understand potential underlying mechanisms, including genetic and biological factors, modifiable lifestyle factors, and social conditions, that may contribute to the differences in hypertension odds between US-born Blacks and foreign-born Blacks. For example, future studies should compare diet quality and leisure-time and workrelated physical activity between the two groups, as well as exposure to and perception of racism. Our post-hoc analysis also encourages further study on the effect modification of both sex and age. Younger (<65 years) but not older (>65 years) US-born Blacks had a higher likelihood for hypertension compared with foreign-born Blacks, suggesting that US-born Blacks may be diagnosed at an earlier age than their foreign-born counterparts. Meanwhile, foreignborn, Black women also had lower odds for hypertension compared with their US-born counterparts, but this association was not consistent for foreign-born, Black men. Discerning differences by age and sex among diverse Blacks communities could ultimately have an influence on public health messaging and interventions targeting these groups. Acquiring a better understanding of the reasons for differences in risk of hypertension among the ethnically diverse US Black population, including the influence of age and sex, will help better characterize health disparities more accurately and develop more targeted interventions to effectively address them.
In conclusion, these study findings suggest that the health disparities in hypertension outcomes are greater for US-born Blacks compared with foreign-born Blacks. Nativity and/or ethnicity among US Blacks are not commonly considered in most research studies and clinical and public health interventions. Our study supports accounting for the diversity of nativity among US Blacks to advance clinical services and public health science and knowledge about health disparities and develop targeted ways to address them.
Reviewers' Summary Evaluations
Reviewer 1
This is a NHANES-based study of racial differences in the magnitude of hypertension among Black adults in the US comparing US-born versus foreign-born adults. The magnitude of differences is really big with almost one in 2 US-born Black adults having hypertension, almost doubling the figure of foreign-born Blacks. However, no difference among foreign-born Blacks according to the length of residence was found probably due to insufficient statistical power. Among main limitations, relatively small sample size to check hypertension prevalence differences by length of residence, and cross-sectional nature of the study.
Reviewer 2
This paper is perhaps the best test to date of the 'African Diaspora' hypothesis of hypertension among blacks in the United States. It clearly shows that blacks born elsewhere have much less hypertension than blacks born in the US, supporting the hypothesis that retention of salt and water had a selective advantage in survival of the Atlantic crossing in the conditions of heat and privation between decks on the slave ships, and in survival of the first few years of slavery on the plantations of the Southern United States.
